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Abstract 
The article presents simulation based on finite element technique of the most common faults in three-phase squirrel-
cage induction motors. Faults examined in this paper are: rotor broken bars and inter- inter turns short-circuit in stator 
windings. 
Fault in rotor broken bars was simulated taking two consecutive bars to see how the flux density is affected. Inter-
turn short-circuit faults was simulated taking 40% inter-turn short-circuit of the windingin one phase. 
Simulations were performed using finite element software FEMM to obtain the flux density waveform in the airgap 
and in the electromagnetic core. Results from simulations were exported to MATLAB for further process and 
analysis. Flux density waveforms were plotted and processed by FFT analysis to observe harmonic distribution. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Organizing 
Committee of the ENIINVIE-2012. 
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1. Introduction 
In the industry the induction motors break down is common because of inter-turn short-circuit in the 
winding. This inter-turn short circuit can be generated by moisture in the winding, hating by overload, 
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bad quality in the insulation. If these faults are detected early, it is possible to repair the motor, otherwise 
the motor will break down severely. 
Other common fault is the broken bars in the rotor, this fault is more difficult to detect if there is not 
the appropriate equipment. 
Studies carried out between the Electric Power Research Institute (EPRI) and the General Electric in 
1985 showedthe true causes of faults in induction motors (see fig. 1) [1]. 
Fig.1. Study of statistics faults in induction motors. 
According to the study of Fig. 1, the most common faults in ac motors are about bearing (41%), but this 
kind of fault is easily to identify by the noise when theyoccur. The second most common fault 
inmotorsoccurs in the stator, but this fault is more complicated to identify because it takes place inside the 
winding.  
All of these faults have been studied by several methods [7]. The faults of interest are intern-turn short 
circuit and broken bars. In this paper thecharacterization faults simulation mentioned above is proposed.  
This characterization will be realized through a finite element simulation. MATLAB was used in order to 
analyze and process the data obtained. 
An useful tool to know motor conditions is the measurementof voltage and current waveform and 
theiranalysisby Fast Fourier Transformer (FFT). The analysis can be done applying the FFT algorithm to 
current, voltage or power motor to obtain the harmonic distribution.Any change in the harmonic 
distribution, means that a fault will occur. The failure type depends on which harmonic components 
changes [7].
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2. Finite element simulation. 
The induction motor’s simulation was done by finite element because it is possible to obtain 
graphically the magnetic and electric fields distributions. This allows us toknow the electric and magnetic 
fields values withprecision in each motor section. Then, we can analyze the motor without failure and the 
changes that occur when a fault arises.  
2.1. Motor specifications. 
The electric machine analyzedis an induction motor with squirrel cage rotor. The generalcharacteristics 
are shown in Table1. 
Table 1. Motor general specifications. 
Motor Characteristics:  Data. 
Power: 7.5 HP 
Connection: 220 V Double star 
Slots/coil: 1-7 
Turns: 59 
Coils/Group: 2 
Slots: 24 
Line Voltage (V) 208-230/460 
Current (A) 3.2-3/1.5 
Magnetic core length (plg) 2” ½ 
Magnetic core diameter (plg) 3”1/8 
Magnetic core inner diameter (plg) 1”9/16 
Magnetic core outer diameter (plg) 2”12/16 
2.2. FEA project creation. 
The materials listed in Table 2 were used in order to carry out the simulation.   
Table 2. Materials of the simulation 
Section of the motor Material 
Rotor M15 Steel 
Rotor bars’ Aluminum 6061 T6 
Stator M15 Steel 
Winding wire  Cu 22 AWG 
Fig. 2 shows the motor project drawing.Only one quarter of the motor drawing is shown but the 
project includes the complete motor.The drawing was made with real motor sizes. 
The simulation precision was 1 e-008 with triangular mesh, and with minimum meshing angle of 10º. 
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Fig. 2. Simulated motor’s scheme with each material and its location. 
In order to simulate the winding’s section, 3 electric circuitswerecreated, corresponding to the three 
phases motor’s supply. In each of these circuits onecurrent was implemented (1.5 A.) and phases (0º, 
120º, -120º) of the corresponding current of an electric system in a polar form were implemented as well: 
Circuit phases 1: 1.5 A. 
Circuit phases 2: -0.75+I*1.29903811 A. 
Circuit phases 3: -0.75-I*1.29903811A. 
In the simulation, the motor winding was connected as shown in Fig. 3.  
Fig. 3. Motors Connection. 
3. Faults simulation. 
Three representative simulations were performed. The first one refers to a motor without failure; the 
second one represents a motor with broken bars in the rotor and the third simulation represents a motor 
with 40% short circuit inter-turn in the winding, for one phase. 
3.1. Simulation of motor without failure. 
Simulation of the Motor without failure is shown in Fig. 4. It shows the flux density and the flux lines 
inside stator core. The magnetic poles can be seenas well as the uniform flux density around the motor. 
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Fig. 4. Flux density distribution simulation of motor without failure. 
3.2. Broken bars simulation. 
To simulate this fault, two consecutive bars were selected. It is possible to observe the simulation of 
this fault in Fig. 5. 
Circle in Fig. 5 identify the fault location. The field lines distortion due to the broken bars and 
increment in the flux density around the broken bars can be observed.  
Fig. 5. Flux density performance of broken bars fault. 
3.3. Inter-turn short circuit fault simulation. 
To simulate the fault, one group of the winding was decreased 40% for one phase. Fig. 6 shows the 
inter-turn fault simulation. The motor’s flux density distribution in the core can be observed. The slots 
enclosed in circle are the turns with fault. 
Fig. 6. Inter-turn short circuitfault Flux density.
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The current density variation induced in the rotor cause a notorious imbalancedue to the fault. As a 
consequence a low magnetic flux density is generated and a less current is induced in the rotor in the fault 
zone.
4. Data processing and analysis. 
The FFT was applied to the data obtained in the simulations. The cases with faults were compared with 
the case without faults (motor without failure). 
4.1. Data processing and analysis for broken bars fault zone. 
In Fig.7, the flux density waveform (for broken bars fault zone) is detected and compared with 
themotor without failure. The analysis was done in the air gap fault zone.    
A deformation can be observedin the fault waveform compared with the motor without failure 
waveform. 
Fig. 7 shows a distortion approximately around 800 to 1500 mS in the fault waveform.  
Fig.7. Motor without failure flux densitywaveforms and motor with broken bars fault.  
In Fig.8, the spectrum comparison between motor without failureand motor with broken bars in the 
fault zone are shown.  It can be observed that the fundamental frequency of the signal is 369 Hz. 
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Fig.8.  Motor without failureflux density spectrum and the motor with broken bars fault. 
In the case of the spectrum with fault it is possible to see that the fundamental harmonic is affected, it 
has an increase in comparison with the motor without failure spectrum. The second harmonic increases, 
the third harmonic decreases, the fourth harmonic increases, whereas the fifth harmonic decreases and 
theremaining harmonics decrease. All this changes can be compared with the motor without failure 
spectrum. 
4.2. Processing and analyzing of the data for inter-turn short circuit fault zone. 
As it was mentioned before this analysis was carried out in the air gap fault zone. Fig.9 shows the flux 
density waveform in the fault zone compared with the flux density motor without failure waveform.  
Adeformation until 1000 to 1500 ms can be observed.
Fig. 9. Flux density waveform without failure and flux density inter-turn short circuit fault waveform. 
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Fig. 10 displays the spectrum fault and the motor without failure.  
Fig. 10. Motor without failure flux density spectrum and inter-turn short circuit fault spectrum. 
The fundamental harmonic component increases in comparison with the motor without failure, the 
second harmonic does not change, the third harmonic increases and the fourth harmonic decreases.In 
order to have more precision, an analysis was made inthe magnetic core of the stator, this way it was 
possible to see how the flux density is affected by the inter-turn short circuit.  
Fig.11 shows the flux density inter-turn short circuit spectrum in the magnetic iron core in the stator.
Fig. 11. Good conditions flux density spectrum and inter-turn short circuit fault flux density spectrum in the magnetic iron core 
zone. 
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Fig. 11illustrates that the flux density spectrum of fault has a patron.All the spectrum fault harmonic 
components are increases in comparison with the good conditions harmonics. The second harmonic has 
the most significant increase.  As the flux density was measured in the magnetic iron core of the stator, it 
does not have possibilities of error for compensation of magnetic field of another motor’s section.  
5. Conclusions. 
In this paper we have studied that a fault of broken bars in the rotor andthe inter-turn short circuit in the 
winding, do have an impact in the flux density air gap zone. If the FFT is applied to the magnetic flux 
density in this zone, it is possible to observe a harmonic distortion with a patron for each kind of fault. 
Other authors used a search coil (axial flux-related detection) to detect a failure in an induction motor 
analyzing the electromagnetic field. In that case is necessary to identify the change in one or two 
harmonic components. Analyzing magnetic flux density in the airgap a patron appears. In the case of the 
broken bars fault the patron is an increase in the fundamental harmonic and the second harmonic 
component. The third harmonic component decreases, the fourthand fifth harmonic component increases 
and all of the next harmonic components have a decrease. In the case of inter-turn short circuit fault,a 
general increase in all harmonic componentsoccurs, in comparison with harmonic of the motor without 
failure. 
Based in this results, experimental implementation needs to be done. The magnetic field can be measure 
whit a magnetic sensor located in the magnetic core. In this way detection of a fault motor (broken bar or 
inter-turn short circuit)and the analyses the motor flux density can be done. 
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